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Method and Apparatus lo Inspect Hoisting Ropes 


(57) A hoisting rope (18) lor an elevator includes a 
plurality of longitudinally apaeed, discrete targets (36) 

retted tne **> e ( 19 >- ^ lHr9eIs (36> * 

characteristic that may be monitored by a device that is 
responsive to thai characteristic. In a particular embod- 
iment, the targets 136) are formed trom a magnetically 
permeable material and the monitoring device responds 
to changes in the magnetic field as the target (36) pass- 
es the monitoring device. In another embodiment, the 
targets (36) are formed from material mat reflects elec- 


tromagnetic energy, in this embodiment, the monitoring 
device emits electromagnetic onftrgy and la senamvo to 
iho energy thai le reflected back irom the target (36). A 
method of inspecting the hoisting ropes (i3> includes 
(ha steps of positioning the monitoring device proximate 
to the hoisting rope (18). moving the hoisting rope rela- 
tive to the device, and monitoring the targets (36) to de- 
termine the spacing between targets. Changes in spac^ 
ing are indicative of stretching of the rope, and thereby 
degradation of the rope. 
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Description 

The present invention relates to roped elevator sys- 
tems, and more particularly w a method and apparatus 
tor inspecting the hoisting ropes of such systems. 

Hoisting ropes for elevators are used lo provide the 
necessary lifting forces and traction forces for moving 
the elevator car. Hoisting ropes are typically formed from 
steel wire strands wov*n together to form the rope Such 
hoisting ropes have proven xo bo very durable and de- 
pendable. A drawback lo the use of st«el wire ropes is 
their weight. As the rise of the elevator increases, the 
portion of the load resulting from the rop« weight in- 
creases. This produces a limitation on the rise o1 the el- 
evator and the size of the lifting equipment. 

Other high strength rn&teftals have been suggested 
10 replace me steel wire ropes, High strength, polyara- 
mrd materials, such as KEVLAH, aro being investigated 
for use in elevator applications. These ropes would be 
formed from pojyaramid fibers wo^en to form strands, 
which are th«n wov«*n together to form the rope, An oili- 
er jacket may then be used to protect the woven fibers 
from damage and wear, and to provide the necessary 
traction to move the a levator cay 

An area ol concern is now to inspect such synthetic 
rope* to determine if the rope should be discarded and 
replaced with a now rope. The current inspection meth- 
ods Tor ste<M wire rope includes visually Inspeciing the 
rope to determine Ihe number of broken ate el fibers in 
a given length of steel rope. If R pradotarmined maxi- 
mum number of broken fibers is detected, the steel rope 
is discarded. This method is not appiicablo to synthetic 
fiber ropes having an outer jacket, 

One previously known method is to place an elec- 
trically conductive member within the rope. The status 
of the conductive member may be tested by applying an 
electrical current lo the member. If damage occurs to an 
extent great enough to break the conductive member, 
the electrical Circuit is broken. There are several draw- 
backs to this method, First, there is no assurance that 
the loss of electrical continuity is the result of ctamage 
to the rope. Second, there Is no qualitative information 
to Indicate if me rope is degrading during use. The first 
indication is provided by the broken conduct fve member. 
Further, this method provides no rnlormation on the Jo- 
cation of the damage along tne length of the rope. 

The above an notwithstanding, scientists Bird engi- 
neers uncier the direction or the applicant are working to 
develop methods and apparatus to inspect hoisting 
ropes. 

According to the present invenUon there is provided 
a hoisting rope including a plurality of discrete targets 
retained within the hoisting rope, tho targets being 
opaced 3long the length of the hoisting iOjj6 t the targets 
having a characteristic that may be monitored by a de- 
vice responsive lothat characteristic. Such that changes 
in spacing between targets are indicative of a degrada- 
tion in Ihe hoisting rope, 


Tho present invention is predicated in pan upon the 
recognition that as a hoisting rope degrades, ihe fibers 
and strands begin to 1a.il. This will cause the remaining 
fibers and strands to carry less loads, which will load to 

s elongation of those fibers and strands. Monitoring the 
elongation of the rope provides an indication of the level 
of degradation of the rope. 

Thus, the hoisting rope includes a.pluraiily of longi- 
tudinally spsce6 t discrete targets retained within the 

to rope. The targets have a characteristic thai may be mon- 
itored by a device responsive to that characteristic. 

According to another aspect of the invention, a 
method of Inspecting hoisting ropes includes the steps 
of positioning the device proximate to the hoisting rope, 

is moving the hoisting rope relative to the device, and mon- 
itoring the targets to determine tne spacing between tar- 
gets. 

The invention also extends to an elevator system 
including the rope according to the invention. 

zo The feature ot large is disposed won in Ihe rope pro- 
vides the advanrag* of being able to monitor the rope 
wiThdul requiring visual inspection or destructive evalu- 
ation. The moniroring deVir,© can sense coch target 
when the target is proximate to the device. The spacing 

25 oelwccn targets may then bo monitored for changes. 
For example, if a particular section of rop© begins to de- 
grade, that section may begin to stretch as fewer strands 
and fibers begin to carry the load. Stretching of this sec- 
tion of the rop* will cause Ihe targets in thai section to 

so move further apart. When this section of in e rope is mon- 
itored by the device, the increase in separation between 
targets will be recognized, 

Further advantages of the invention include that the 
device may be Used to periodically inspect the ropes, or 

s$ the device may be placed in a TiXed position near the 
ropes and used to continually monitor the ropes. The 
tatter embodiment is particularly advantageous for ele- 
vator applications, since the monitoring information may 
be communicated with the controller o1 the elevator, if 

4P significant degradation of tho rope is sensed, the oper- 
ation of ihe elevator may be stopped. In addition, ihe 
output of the monitoring device may be communicated 
to a remote monitoring system such that maintenance 
or replacement of the ropes may oe conducted prior to 

j£ significant degradation ol the ropos. 

in a particular embodiment: tne plurality ol targets 
are disposed within an elastic tube. The targets may be 
spaced apart by spacers disposed between adjacent 
targets. The elastic tube is not a load-carrying member 
so of the rope and, generally, ha» a modulus of elasticity 
leas than the load-carrying atrands of the rope. This per- 
mits the tube to atretch in accordance «ith the amount 
Die topu olongaios. Tho spacers do not have the partic- 
ular characteristic that is being monitorod by tho rnoni- 
ss toring device and ere used to provide a predetermined 
spacing between adjacent targoic. 

in one particular configuration, the targets arc 
formed from material having o magnetic permeability. In 
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this configuration, the monitoring device is sensitive to 
changes in magnetic fields Such thai U responds lo th© 
targets. In another particular configuration, the targets 
ace formed from material mat reflects electromagnetic 
wnvftfi In this configuration, ihe monitoring device emils 
electromagnetic energy and ra sensitive lo Ihe energy 
thai is reflected back to the monitoring device. Accord- 
ing lurther to this configuration, mo targets may De 
shapfed to provide reflected energy of a particular fre- 
quency in a preselected oireciion, such ae lateral lo the 
longitudinal direction of the rope. This tenter embodiment 
provide* means to filter out unwanted noise thai may 
interfere wilh tho operation of The monitoring device and 
reduces radiated power needed to detect the larget. 

Some embodiments of ihB invention will now bo de- 
scribed, by way of example only, and with reference to 
the accompanying drawmgs. in which; 

. pig. i is an illustration of an elevator system; ^ 
Fig. 2 is a sectional side view of a length ol a single 
rope Having a plurality of targets embedded therein: 
Fig. 3 is a sectional view la Ken along I in* 3-3 of Fig, 
2. 

Fig. * i© e aide view of a flexible lube having the 
targets and spacers; 

Figs. S-7 are views of different shaped targets; Pig. 

5 cho«« a cylindrical shaped target; 

Fig, 6 shows targets having a hyperbolic conical 

shape; 

Fig. 7 shows targets having an oblate spheroid 
zsriapt?; and 

Fig. B \b an illustration of an alternate embodiment 
having a single monitoring device to monitor a plu- 
rality of ropes. 

Illustrated in Fig. 1 is an elector system 12 having 
a car 14 connected to a counterweight 1 6 by a plurality 
of ropes 18. The ropes IB extend over a traction sheave 
22 that Is driven by a machine 24. Traction between the 
sheave 22 and the ropes 13 drives tne car 14 ano coun- 
terweight 15 through the hoistway. Operation of Ihe ma- 
chine 24 is controlled by a controller 26. The controller 
26 receives inputs from a position sensing device 28 to 
determine Ihe speed and position of the car 14. 

Also illusirmfid in Fig, 1 is a rope monitoring system 
32. The rope monitoring system 32 includes a monitor- 
ing aovice 'M disposed in a location proximate to the 
ropes 16. The monitoring device 3* senses the pres- 
ence or targets 36 (see Fig, 2-4) disposed within the 
ropes IB. In the embodiment shown, the monitoring de- 
vice $4 p an inductive sensor that responds to changes 
In the magnetic field within the field of response ol the 
device 3A. As shown In Fig. 1 . Lho monitoring dovice 34 
produces an ouipui that is communicated I© the control- 
Wr 26. 

Roforring now lo Figs. 2 and 3. each rope 1B is 
formed from a plurality of load<=arrying strands 38 of a 
eyntheiic fiber, such as KEVLA*. Captured whhin the 


strands 36 or the rop© 18 is a plurality of the targets fln. 
The targets 36 are spaced longitudinally throughout the 
rope 16 at a predetermined distance apan. The targets 
26 are centrally located wlthtn the rope 18 and are re- 
s tamed within a flexible tube ^0, as shown in Fig. 4 The 
tube 40 Is not a toad-carryinc member of the rope 16. a 
plurality of flexible spacers 42 are placed between ad- 
jacent targets 36 lo maintain The proper spacing be- 
tween targets 36 at ihe time of installation. The neces- 
io aary spacing between adjacent xargeis 36 is dependent 
upon the discrimination of the monitoring device 3* to 
the targets 36. Once installed, shear forces from the sur- 
rounding strands of ihe rapes 15 will provide further re- 
tention of ihe targets 36. 
ts The targets 36 arc formed from a terrous material 
such that each target 36 enects the magnetic flux that 
is generated and detectable by the monitoring devtc© 
34 a suggesied material lor the targets IS is steel, al- 
though other ferrous maierials may be equally appliea- 
20 ble. Each target 36 i$ spherically shaped to avoid dam- 
ago to the surrounding fibers of the strands 39. The lube 
AO arid tne spacers *2 are formed from maienoJs that 
do not emit magnetic nux end that ha«« a modulus of 
elasticity less than the strand 3ft material ano strain-io- 
^ failure propanics greater than the strand material. In this 
way. the* tube 40 will sireich in accordant*? with the 
strands 38 during operation of Ihe elevator system 12 
and ovor The life ol the tope 1 S. The lube 4d and spacers 
42 are one example of a means to locate the targets 36 
jo within the rope IB Other possible means of locoling tho 
targets include weaving the targets inio the rope during 
the fabrication of the rope, or weaving a strand formed 
from alternating ferrous and non-ferrous materials into 
the strands, in addition, the tube is shown in Figs. 2 and 
js 3 as being located in the center of the rope. The lube 
may also be integrated into The rope -such that it follows 
the helix or twist of tne stranded rope. 

During operation, the controller 26 convngnlcates 
wilh the machine 24 to rotate the traction sheave 22 in 
jo ihe desired direction. Traction forces between the 
sheave and the ropes 1 6 move the oar 1 4 and counter- 
weight 16 in opposite directions. As the ropes 18 are 
driven, the plurality of targets 36 move past the moni- 
toring device 34. Each target 36 triggers a change in the 
-*s magnetic field that is sensed by the monitoring device 
34. The monitoring device 34 aenseo the amount of time 
between adjacent targets 36. The/time between targets 
36 is correlated wtlh the spccctol ihe car 12. as deter, 
mined Dy the posiiion sensing device 28. to determine 
so the distance between adjacent targets 36, The deter- 
mined distance between targets 3fi b then compared to 
the Known di&ianco between targets 36 at the time ol 
installation, [f the rope IB has elongated in a particular 
section of the rope 19. which is indicative of degradation 
*£ of tho rope 18. the targets 36 b that section will also 
have moved further part. Therefore, the Increased dis- 
tance boiween targets 36. as compared lo ihe known, 
installed distance between targets 36, is indicate or 


a 
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degradation of the ropo l S. In addition, correlation of the 
monitoring device 34 output pind iho output from the po- 
sition sensing device 26 provides a determination of the 
location of the damaged section ol the rope IS. 

The output ol The monitoring dovica 34 is commu- 
nicated to the controller 26. The controller 26 compares 
the determined distance between adjacent targets 36 
with a predetermined threshold to determine It the deg- 
radation of the rope 18 is sufficient Such that the.elevalor 
system 12 should be shut down. If not sufficient to war- 
rant shutting down the elevator system 1 2, the controller 
26 compares the elongation to another threshold To de- 
termine if it «s sufficient to warrant an inspection of thai 
particular section of rope IB. in addition, (he aaia gen- 
erated by the monitoring device 34 may also he com- 
municated out to a remote monitoring system 44>or fur- 
ther analysis and/or to provide the information to a me- 
chanic to use during a maintenance visit to the elevator 
sysiaVn 12. During a maintenance visit, tne mochanic 
can U£>« the information to cunduct u visual inspection 
of the degraded ponion of the rope 18, Such as meas- 
uring the diameter of the rope 18 or looking for visual 
signi 6T damage. 

Although shown and described as a monitoring sys- 
tem for continuously monitoring tho health of the ropes, 
the Invention is oqually appUc^bte as a method io peri- 
odically inspect the heatth of the ropes. In ihie configu- 
ration, a mechanic would install a monitoring dev'fca dur- 
ing a routine maintenance visit. As the elevator system 
is cycled th rough ihe hoisxway. th« distance between ad- 
jacent targets i 5 determined. The information on elon- 
gation is then compared to the predetermined baseline 
aistanee between targets, and to previous information 
generated during previous maintenance visits, lo deter- 
mine if any significant degradation has occurrec. 

The monitoring system 32 described above, which 
users changing magnetic field? to determine position of 
the targets 36, is one embodiment of the invention. An- 
oiner embodiment is illustrated in Fig. B. In this embod- 
iment, the monitoring system SO deludes targets 52 
formed from discrete conductive members spaced lon- 
gitudinally throughout the ropes 54 and a monitoring de- 
vice S6 that generates high frequency (2 GHz to *0 GHz) 
radar directed at the plurality of ropes 54, The targets 
S2. as they pass the monitoring device 56. reflect the 
electromagnetic waves in a narrow beam lhal extends 
laterally from the rope 54 and Is received by the moni- 
toring dovfco 56. The targets 52 may be relatively long 
(5-200 em) and thin (O.05-1 mm) and shaped in a cylin- 
drical manner as shown in Fig. 5. As an altemairvo. the 
targets 52 may have various olhor shapes, such as a 
hyperbolic conical shape (*ee Fig. 6) or an oblate sphe- 
roid shape (sec Fig. 7). Targets of various shapes will 
provrdo different response patterns that may be more 
advantageous depending on tho operating conditions 
and thft RensttK/ity ol the monitoring devico 56. 

The targets 52 are retained within a thin wall elastic 
tube b8 formed from a non-reflecting material at the fre- 


quencies being gencraiod by tho monitoring dovica 56. 
As with ihe embodiment or Figs. V*. ihe tube 58 has a 
modulus of elasticity less than the strands of the rope 
54 such that il freely stretches as The strands elongate. 

& The rnonitoring'deviceSS is a multiple im&ulse radar 

that is positioned proximate to the plurality ol ropes 54, 
The pulse repetition frequency is high (approximately 2 
MHz) such that tne targets 52 may be^stinguishedfrom 
the rope 54 and any irregularities in tne spacing between 

70 targets 52 may be determined. In addition, the pulsed 
i&dar emitted by the monitoring device 56 may be fo- 
cused at various predetermined distances, as a result, 
a plurality of ropes 54 may be monitored simuKaneousiy 
using a single monitoring device 66. 

75 Although the invention nas been shown and de- 
scribed with respect io exemplary embodiments thereof. 
It should be understood by those skilled in the art that 
various changes, omissions, and additions iruay be 
made mereto, without departing train the scope of the 
de-fined by the claims. 


Claims 

25 i. A hoisting rope 0*54) including a plurality of dis- 
crete targets (32;S2) retained within the hoisting 
ropo, iho targets being spaced along the length of 
the hoisting rope, tne targets having a characteristic 
that may b* monitored by a device (-^4156) respon- 
se- sive to that characteristic, such that change© in 
spacing between targets arc indicative of a degra- 
dation in th« hoisting rope. 

i A hoisting rope (13:54) as claimed In claim i. the 
3S hoisting rope being formed from a plurality of load- 
carrying strands (3S) ; and further Including a non- 
load-carrying tube (40;58) disposed within the plu- 
rality of strands such that elongation of the plurality 
of strands produces a corresponding elongation of 
jo the tube, the tube having a modulus of elasticity less 
than the load-carrying strands of the hoisting rope, 
and wherein the targets (32:52) are secured to the 
tube. 

43 3. a hoisting rope as claimed in claim 2. wherein the 
tube (40;5S) is woven into tho plurality of strands 
(38) of the hoisting rope (1S^> 4 )- 

4. a hoisting rope (Id) as claimed in any preceding 
so claim, wherein the targets (36) are formed from a 
material having a magnetic permeability character- 
istic that may be monitored to determine spacng 
botwocn targets. 

53 5. A hoisting rope (54) as claims in any of claims i 
to 3. wherein the targets (52) are formed from a ma- 
terial having as a characteristic the ability to refill 
electromagnetic energy, such II .at a device emitting 
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such electromagnetic energy may be used iode«sr- 
rninfe The spacing between targets 

6. a hoisting rope (54) as claimed 'n claim 5. whoroin 
Ihe Targets (52) are dimensioned such that when 
electromagnetic energy of a particular frequency is 
directed onio the target, a reflected beam is gener- 
ated laterally relative to ihe longitudinal diresciion of 
xne hoisting 'ope. 

7. A hoisting rope (54) as claimed in claim 6, wherein 
the targets (S2C) have an oblate spheroid shape. 

8. a hoisting rope (54) as claimed in claim 6. wherein 
the targets (528) have a hyperbolic conical shape. 

9. A method of Inspecting a hoisting rope p8;5*) as 
claimed in any preceding claim, the method includ- 

, ir>gxha steps oil 

positioning a device (34;56) proximate to the 
hoisting ropo. the device b*ing responsive to 
the characteristic oT the targets p2;So.) and po- 
sitioned to senfio ihe presence ol a target; 
moving the hoisting rope rclath/o to the doVtce; 
and 

monitoring ihe targets to dele i mine tho spacing 
between targets. 

1 0. a method as claimed in claim 9. wherein the largeis 
(32) are formed from a material having a magnolic 
permeability characteristic, wherein tha device (34) 
is responsive to changes in magnetic field, and 
Whoroln the ctep of monitoring the targets includes 
determining the location of each target by sansing 
the presence of changes in tne magnetic fiofd gen- 
erated by the target. 

11. A method as claimed in claim 9. wherein the targets 
(52) ars formed from a material having as a char- 
acteristic the ability to reflect electromagnetic ener- 
gy, wnorcin the device (56) is response to electro- 
magnetic energy* and wherein the method further 
includes the step of Impinging electromagnetic en- 
ergy onto the targets, and wherein the step of mon- 
itoring the targets includes determining the location 
of each Target by sensing the presence of the re- 
flected electromagnetic energy. 

1 2. An elevator system (1 2) including a car (1 4). a coun- 
terweight connected to the car by a rope (16:54) as 
claimed in any of claims 1 to 6. a machine (24) hav- 
ing a traction sheave (22) engaged with the ropo to 
drive the car. and a rope monitoring dovioo (34) re- 
sponsive to the characteristic, euch that changes in 
spacing bolwoon targets (36;S2) are determined, 


wherein the rope monitoring devJc* (34) produces 
pin output signal that is IransrnJited to an elevator 
monitoring system (26:44). 

5 14. An elevator system (12) as claimed in claim 13. 
wherein the elevator monitoring system (26144) pro- 
duces a service alert rf the change in spacing oe- 
;ween targets (36:52) exceeds .a predetermined 
threshold. 

to 

15. An elevator system (12) as claimed In any of claims 
12 to 14, further including a position sensing device 
(28) having an output indicative of the position of 
the elevator car (1 4), whorein the rope monitoring 

is device (34) produces an output signal, and wherein 
thB output from the rope monitoring device is coor- 
dinated witn the output of the position sensing de- 
vice to doterrnine The position in the rope (ia;34) of 
the targets (36;S2). 

16. An elevator system ( 12) as claimed in any of cfcatms 
12 to 15, further including a plurality of ropes, and 
a plurality of discrete largeis <33;52) retained within 
e«ch of the plurality of rop*s. the target being 

si spaced along the length of each of tho ropes, and 

wherein each of the ropes is monitored to determine 
changes in spacing between targets. 

17. An elevator system (12) as claimed in any ol claims 
30 12 to 16, further including an elevator controller 

(26), wherein the rope monitoring device (34) pro- 
duces an output signal that Is transmitted to the con- 
troller, and wherein the controller shuts down the 
operation of the elevator system it the change in 
ss spacing between targets (3S;S2) exceeds a prede- 
termined threshold. 


is. An elevator system (12) as claimed In claim 17. 
' wherein the controller (26) continuously monitors 
*o the output from the rope monitoring device (34>. 


4$ 


So 


££ 


13. An elevator system (12) as claimed in claim 12. 
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